The potential of SCAR marker for discrimination of a Thai jasmine rice (Oryza sativa L. cv. KDML 105) mutant, BKOS6, obtained from ion-beam-induced mutation, was evaluated. The improved rice variety, BKOS6, exhibited many remarkable characteristics which fitted the multiple cropping system characteristics of progressive agriculture including photoperiod insensitivity, early flowering, short in stature, and purple pigment accumulation in pericarp. The BKOS6 rice grain extract has already been proved that it exhibited higher antioxidant properties than the KDML 105 and other tested rice grain extracts. In this study, the BKOS6 specific SCAR marker was developed by HAT-RAPD analysis of rice genomic DNA. The marker was successfully used to identify BKOS6 variety and its hybrid varieties containing purple pigment accumulation in plant tissues. Moreover, it was found that this marker could be used to detect other purple pigmented rice varieties that genetically related to Thai jasmine rice. Recently, a wide variety of anthocyanin-based foods are believed to provide significant potential health benefits, and become more attractive. KDML 105 is also a Thai premier fragrant rice variety which is one of the main varieties of country's rice export. Thus this molecular marker could be useful for commercial and breeding purposes of BKOS6 mutant and other developed varieties from KDML 105 which contain anthocyanin accumulation.
Introduction
Increased grain yield and improved rice quality are absolutely necessary to feed the world's population and to improve its nutrition. Thus, the recent approach for rice production including the improvement of both yield and grain quality is to supply consumer's demand and also to increase the nutritional level for the general public.
Thai jasmine rice seeds bombarded with nitrogen ions revealed one of new rice varieties, named BKOS6 rice, showing short stature (at 49 cm of the M1 plant height in culm length on the harvest day), photoperiod insensitivity, early flowering and accumulation of purple pigment in various tissues [1] . This variety showed mutational stability in all characteristics when observed in M1-M8 cultivations [2] . The BKOS6 seeds are long and slender grains with dark purple/black pericarp. A previous study found the presence of the amount of anthocyanin in various tissues of BKOS6 was significantly higher than that of KDML 105 [3, 4] . The increase of anthocyanin in BKOS6 is believed to provide potential health benefits due to its antioxidant properties. The study of its improved antioxidant properties showed the increase of total phenolic content and antioxidant activities of BKOS6 rice extracts when compared with those of KDML 105 and other tested rice extracts. Moreover, it was found that there was no significant difference between the antioxidant properties of the cooked and uncooked BKOS6 rice extracts [5] . As the consumers become more health conscious and more aware of the benefits of functional foods, diets containing bioactive compounds such as antioxidants have received greater attention. The development of this anthocyanin-based natural product could allow dramatically benefit to a wider population if it is available in rice market. Other improved characteristics of BKOS6 plant, semi-dwarfism, photoperiod insensitivity and early-flowering, are also subjects for improvement of yield quantity. Semi-dwarfism is one of the most important traits deployed in modern rice breeding. Its semidwarf character results in a shortened culm with improved lodging resistance, allowing for the increased use of nitrogen fertilizers and a greater harvest index [6, 7] . Both photoperiod insensitivity and early-flowering allow plants to start producing flowers quickly in any time of a year, and have been appeared to give high yield potential. Therefore, the further varietal improvement of BKOS6 or the production of either BKOS6 variety or its hybrid off springs could lead to an increase of both yield and grain quality so as to supply world population and also increase the nutritional benefit from rice consumption.
As BKOS6 variety has a potential to be a commercial rice variety, a varietal identification is important for breeding processes and rights protection for newly developed varieties. At present, Thailand has not joined with other developing countries such as China, Vietnam and India in hybrid rice development [8] ; therefore, intellectual property protection on newly developed varieties has become more important. Accurate and rapid cultivar identification is especially important in plant propagation for practical breeding purposes and for proprietary rights protection. At present, the traditional methods for characterization and assessment of genetic variability in many plant species, based on morphological, physiological and biochemical studies, are both time consuming and affected by the environment. The introduction of molecular biology techniques, such as DNA based markers, provides an opportunity for genetic characterization that allows direct comparison of different genetic material independent of environmental influences [9] . A more reliable and specific PCR-based marker known as sequence characterized amplified regions (SCARs) has been developed by Paran and Michelmore [10] . The SCAR markers could be identified easily by direct staining methods such as ethidium bromide and pellet painting without electrophoresis [11] . The presence or absence of the band/ color indicates variation in genomic sequence. These are better reproducible than randomly amplified polymorphic DNA (RAPD) markers. SCAR markers have been used for discrimination in wide range of different plant species/varieties such as banana [12] , cotton [13] , chili pepper [11] , pear [14] , lychee [15] , curcuma [16] , longan [17] , muskmelon [18] and Thai fragrant rice mutant [19] . SCAR markers also allow comparative mapping or homology studies among related species, thus making it an extremely adaptable concept in the near future. The objective of this work was to establish the specific SCAR marker for BKOS6 variety for its molecular identification and further use for its rights protection.
Materials and Methods

Plant Materials
Rice varieties used in the experiment were as follows: 
Ion Bombardment and Plant Growth Conditions
Two varieties of Thai Jasmine rice mutant, HyKOS1 and BKOS6, were re-ion bombarded for mutation induction.
In ion bombardment condition, the rice seeds were bom- . The bombarded seeds were grown in soil as transplant rice. The cultivations were carried out in off-TATTAGTCATG-3') were developed. The PCR reaction was conducted in the same conditions as described above, except 1 µM of each primer was added instead of arbitrary primer. The amplification was carried out by 27 three-step cycles of a 45 s denaturation at 94˚C, 30 s annealing at 60˚C and, 30 s elongation at 72˚C, and final 5 min elongation at 72˚C in the thermal cycler.
Genomic DNA Extraction and DNA
Fingerprints Generated by High Annealing Temperature-Randomly Amplification Polymorphic DNA (HAT-RAPD) Amplification 2.
Microsatellite Marker Amplification
Total DNA was isolated from rice leaves by cetyltrimethylammonium bromide (CTAB)-based method [20] . The HAT-RAPD amplification reaction was carried out according to Anuntalabhochai et al. [21] . PCR assays consisted of 1x Taq 
Results
Development of BKOS6-Specific SCAR Marker from HAT-RAPD Analysis
The additional DNA band was cloned into pTZ57R plasmid using InsT/Aclone TM PCR Product Cloning Kit (Fermentas, USA) according to producer-supplied methodology. The DNA fragment was sequenced by 1st BASE Laboratories, Malaysia.
DNA fingerprints obtained by genomic DNA randomly amplified using arbitrary primers were compared between BKOS6 and other 13 rice samples. By screening over 300 arbitrary primers, DNA fingerprint results showed several polymorphic bands. The OPO07 primer (5'-CAGCACTGAC-3') provided a clear band found only in BKOS6 sample (approximately 1.1 kb in length) (Figure 1) . This polymorphic band, designated BO07 fragment, was identified to produce SCAR markers for BKOS6 mutant.
Developing of SCAR Marker
According to the sequence of the polymorphic band in BKOS6, named BO07, specific primers (Forward primer, BO07F1; 5'-TGTCTACGTTGGCTTCGCCATCACCG-3' and Reverse primer, BO07R1; 5'-ATGCTAACCATG 1 kb) , named BO07 fragment.
Development of a SCAR
The BO07 sequence was blasted to O. sativa genomic database in GenBank (http://blast.ncbi.nlm.nih.gov/) and the sequence showed similarity to the NC_008405.2 fragment of O. sativa Japonica Group DNA. A pair of specific primers (BO07F1 and BO07R1) was designed within the sequence for SCAR marker amplification (Figure 2) . Table 1 ) as shown in Figure 3 was carried out using SCAR marker primers (BO07F1 and BO07 R1). The expected band (218 bp) was found only in BKOS6 sample and a sample of purple pigmented KDML105 hybrid rice (Hom-nil). No DNA band was found in other rice samples.
The SCAR Marker Amplification
Microsatellite amplification was performed to discriminate between BKOS6 and Hom-nil cultivars. Six pairs of microsatellite primers were tested. As shown in Figure 4 , the PCR patterns amplified from a microsatellite primer pair, RM234 (F: 5'-ACAGTATCCAAGGCCCT GG-3', R: 5'-CACGTGAGACAAAGACGGAG-3'), showed the different patterns between BKOS6 and Homnil samples.
Detection of SCAR Marker in BKOS6 Hybrid Lines
To test the ability of the SCAR marker in detection of BKOS6 hybrid lines, 16 rice varieties were examined using SCAR marker primers. Table 2 shows descriptions, color of several plant tissues and SCAR marker detection results of plant samples used in this experiment. The SCAR marker amplification for 16 rice varieties/lines is shown in Figure 5 . The bands with expected size were found in BKOS6 sample and in all its F1 hybrids from both cross breeding of KDML105 with BKOS6 (KB1, KB2, KB3, BK1) and of TKOS4 with BKOS6 (TB1).
Moreover, SCAR marker was tested among rice samples of F6 generation from self-pollinated KB3 line (F6/1-F6/6). Among these group, the expected bands were found in all F6 samples except the sample from F6/3 line. It was found that F6/3 hybrid is the only one line which has no pigment accumulation in any tissue, different from other lines which have colored tissues especially in pericarp ( Table 2 ). 
Detection of SCAR Marker in Re-Ion Bombarded Mutants
Thousands seeds of Thai jasmine rice mutants, BKOS6 obtained from low-energy ion beam, were re-ion bomrded with nitrogen ions accelerated by 60 keV with a fluence of 2 × 10 16 ions cm -2 . Some phenotypic changes were found since in M1 generation including; short state, photoperiod insensitivity, high tillering capacity and purple pigment accumulation in plant tissues. Both of green and purple pigmented plants were obtained from the mutants of re-ion bombarded BKOS6. In M6 generation, 5 utant lines from re-ion bombarded BKOS6 were m 
Note:
The results of SCAR marker detection; 1 = the expected band was found, 0 = no band was found. chosen for SCAR marker detection. The expected bands were amplified in 4 samples from re-ion bombarded BKOS6 mutants (HyKOS17, HyKOS18, HyKOS19/2, HyKOS21) ( Figure 6 ). All of these samples that could be detected by SCAR marker exhibits purple pigment accumulation in plant tissues especially in their pericarp ( Table 2 ).
Discussion
The heightened international competition of crop exports means that the discrimination of crop cultivars is becoming increasingly important to protect breeders' rights and commercial values of original cultivars. Currently, many methods to discriminate crop cultivars at the DNA level have been reported [24] [25] [26] [27] [28] [29] . Among those methods, PCRbased DNA markers are especially valuable because they are fast, easy, and reproducible. BKOS6, a new rice variety created by mutation induction using low-energy ion beam bombardment, has been developed from Thai jasmine rice (KDML 105). The appearances of BKOS6 plant and its pigmented organs were shown in Figure 7 . The improved characteristics of BKOS plant include: 1) anthocyanin accumulation in various tissues, especially in pericarp, which has been proven to raise the antioxidant properties of rice grain [5] and might increase resistance to blast disease of rice plant [30]; 2) semi-dwarf character, which can be more resistance against lodging and increased responsiveness to nitrogen fertilizer [31] ; 3) photoperiod-insensitivity, which can promote flowering with a slightly response to photoperiod; and 4) early flowering character, which can induce early maturing. This developed variety may fit into the multiple cropping system characteristics of progressive agriculture. Thus, a SCAR marker was attempted to be developed for BKOS6 identification. This marker detection can be used for further practical breeding purposes and proprietaryrights protection.
In this study, the SCAR marker has been developed to discriminate the BKOS6 variety. In the SCAR analyses, a pair of primers was designed based on the sequences of the additional band from DNA fingerprints of BKOS6 sample. The sequence analysis of the additional band showed it is a flanking sequence of intergenic region which is better target than a coding region for the development of DNA markers used to discriminate among species and/or cultivars. The SCAR marker were tested among 55 different rice varieties/lines and successfully used to identify BKOS6 variety. Although it also pro-duced a DNA band with the same size in Hom-nil sample, the microsatellite marker (RM234) can be used to distinguish between these two varieties. Hom-nil or Jao Hom Nil (JHN) is a hybrid cultivar developed from Chi nese purple glutinous rice and KDML 105. Hom-nil rice has several characteristics similar to BKOS6 rice such as long and slender grains with dark purple pericarp, high total phenolic content and antioxidant activity [32] . This rice cultivar has been also determined as the highest broad spectrum resistance to Thai blast pathogen population [33] . But there are some different characteristics between these two varieties such as Hom-nil plant has green leaf blades while BKOS6 had purple stripes on leaf blades and a microsatellite marker (RM234) could also be used to distinguish between these two varieties. Microsatellites may be not very demanding technically, but a particularly important advantage is that microsatellite data can be easily compared among laboratories and are suitable for computer databases, which is not always the case with other markers, such as RAPD [34] . The combination of these results (SCAR and microsatellite marker amplifications) can be practically used for BKOS6 identification and in discriminating from other rice varieties.
It has been shown that the SCAR marker could be applied for BKOS6 hybrid detection. It was successfully used to detect all F1 hybrids from cross-breeding between BKOS6 and other rice varieties. It has been noted that all SCAR positive-detected F1 hybrid lines have purple pigment accumulation in plant tissues. In F6 generation of self-pollinated F1 hybrid line (KB3), only samples from purple pigmented plants revealed the positive results for SCAR marker. Moreover, the re-ion bombarded mutants, obtained from re-ion bombardment of BKOS6 seeds, which exhibit purple pigment accumulation in their tissues, were also detectable by the SCAR marker. These results indicate that the SCAR marker might associate with purple color trait in rice lines which have been developed from KDML 105. Due to it could be detected in all purple pigmented rice lines developed from KDML 105 but not in other tested pigmented rice varieties (line 29 -32; Red Hawn, Red Rose, Sangyod brown rice, Thai glutinous purple rice) which are not genetically related to KDML 105 (Figure 4) .
Conclusion
Due to many remarkable improved characteristics of BKOS6 variety, a specific SCAR marker was generated for its molecular identification. The developed SCAR marker was successfully used to identify BKOS6 variety and distinguish it from other rice varieties/cultivars except Hom-nil rice. However, the combination of SCAR marker and microsatellite amplification could be used to distinguish between these two varieties. The SCAR marker could also be used to detect all F1hybrid lines of BKOS6 variety and the tested F6 lines which exhibited purple pigment accumulation in plant tissues especially in pericarp. Moreover, this SCAR marker could detect the purple pigmented lines obtained from re-ion bombardment of Thai jasmine rice mutants. Therefore, this SCAR marker could be a valuable tool for breeding purposes and further research of purple pigmented rice varieties developed from KDML 105.
